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® Fatty acids for the treatment and prevention of sidn damage caused by radiotherapy. 



@ A method of preparing a medicament for treating or preventing skin damage in patients undergoing radio- 
therapy wherein (a) linoleic acid, or (b) gamma-llnolenic acid or dihomo-gamma-linolenic acid, or (c) both said 
LA and said GLA or DGU\, are used to prepare said medicament alone or with a pharmaceuticaily acceptable 
carrier or diluent. 
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FATTY ACID THERAPY 



FIELD OF iNVENTiON 

The Invention relates to fatty acid therapy and compositions therefor. 

5 

BACKGROUND 

Radio-therapy is a major treatment modality in cancer. However, radiation damages normal tissues as 
well as cancerous tissues and this damage is a major limitation in its use. Since radiation has to pass 

10 through the skin to reach the cancer, skin damage in particular can be an important problem. Such damage 
can be minimised by careful attention to radiation dosage, radiation direction and radiation focusing but it 
can never entirely be eliminated. The skin damage leads to burning, pain, itching, Inflammation and 
sometimes loss of the surface layers of the skin. If it could be reduced, prevented or reversed, a major 
therapeutic advance would have been made. 

76 Ionising radiation can destroy essential fatty acids (EFAs) by attacking the double bonds which are 
essential for their EFA activity. IVlany years ago Ionising radiation was shown to be much more destructive 
in animals which were EFA deficient and also to Induce signs of EFA deficiency (Decker et al, J. Nutrition 
41: 507, 1950: Cheng et al. J. Nutrition 48: 161 to 82, 1952). It is therefore possible that some of the 
damage to tissues by radiation may relate to loss of essential fatty acids. This could be particularly true of 

20 the skin, since EFAs are exceptionally important to skin function. 

The main EFA in the diet is linoleic acid (LA), but in order to be fully effective as an EFA this acid must 
be converted to gamma-linolenic acid (GLA). This conversion cannot take place In the skin itself, but must 
be carried out in other tissues, notably the liver, from which the GLA and its metabolites can be transported 
to the skin. For optimal health the skin needs both linoleic acid on the one hand and GLA and its 

25 metabolites on the other. 



THE INVENTION 

30 We propose that much of the skin damage caused by radio-therapy Is related to loss of EFAs from the 
skin, and also that the skin damage may be reduced or prevented by administration of appropriate EFAs. 
Linoleic acid alone or GLA alone is effective but optimum results are obtained by providing both linoleic 
acid and GLA. Dihomo-gamma-Ilnolenic acid (DQLA) to which GLA is converted in the body has the same 
effect as GLA and references to the use of GLA herein may be taken as references to the use of DGLA with 

35 or Instead of it. 

The invention thus lies in the use of LA or GLA/DGLA or both for prevention or reversal of radiation 
induced skin damage, and to the preparation of medicaments for such purposes wherein such acids are 
used. 

Amounts of the acids are In the case of linoleic acid 0.1 to 100 g per day, preferably 1 to 20 g per day, 
40 very preferably 2 to 10 g per day. and in the case of GLA/DGLA 0.01 to 100 g per day, preferably 0,1 to 10 
g per day, very preferably 0.3 to 2.0 g per day. 

Administration may be systemic or topical, and in the latter case the fatty acids are applied to the area 
which is to be or is being irradiated as such or in any appropriate vehicle. The vehicle may be the native 
oils in which the fatty acids are found, or such oils or the fatty acids themselves in any appropriate chemical 
45 form formulated as creams, gels, lotions, ointments or any other suitable format. The concentrations of the 
fatty acids in the topical preparation may range from 0.01 to 100%. preferably 0.1 to 20% and very 
preferably 1 to 10%. 



50 EFAs GENERALLY 

The fatty acids used according to the invention are related to other EFAs as follows:- 
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n-6 n-3 

18:2 delta-9,12 18:3 delta-9, 12,15 

(linoleic acid) (alpha-linolenic acid) 

delta-e desaturase 

18:3 delta-6,9,12 ^ 18:4 delta-6, 9,12,15 

(gainina-linolenic acid) 

elongation 



20:3 delta'-8,ll,14 •'20:4 delta-8 , 11 , 14 , 17 

^° (dihomo-gainma-linolenic acid) 

I • 

delta-5 (^saturase 

20:4 delta-5, 8, 11, 14 20:5 delta-5,8,11,14,17 

(arachidonic acid) 



elongation 



22:4 delta-?, 10, 13, 16 22:5 delta-7 , 10 , 13 , 16 , 19 

35 (adrenic acid) 



delta-4 desaturase 
22:5 delta-4, 7, 10, 13,16 22:6 delta-4 , 7 , 10 , 13 , 16 , 19 



The pathways are not normally reversible nor, in man. are n-3 and n-6 series acids inter-convertible. 

The acids, which naturally are of the all-cis configuration, are systematically named as derivatives of the 
corresponding octadecanolc, eicosanoic or docosanoic acids, e.g. deIta-9,12-octadecadienoic acid or delta- 
4,7,10,13,16,19 docosahexaenoic acid, but numerical designation such as, correspondingly, 18:2 n-6 or 22:6 
n-3 is convenient. Initials, for example, DHA for 22:6 n-3 ( d ocosa h exaenoic a cid), are also used but do 
not serve when n-3 and n-6 acids of the same chain length and degree of unsaturation exist. Trivial names 
in more or less common use in the n-6 series are as shown. Of the n-3 series only 18:3 n-3 has a 
50 commonly used trivial name, alpha-linolenic acid. It was characterised earlier than gamma-linolenic acid and 
reference in the literature simply to linolenic acid, especially in the earlier literature, is to the alpha-acid. 



DERIVATIVES 

The acids may be used as such or as pharmaceutically acceptable and physiologically equivalent 
derivatives as, for example, detailed later herein for QLA and DGLA. and reference to any of the acids is to 
be tal<en as including reference to the acids when in the form of such derivatives. Equivalence is 
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demonstrated by entry into the pathway quoted herein, as evidenced by effects corresponding to those of 
the acids themselves or their natural glyceride esters. Thus, Indirect identification of useful derivatives is by 
their having the valuable effect in the body of the acid Itself, but conversion can be shown directly by gas 
chromatographic analysis of concentrations in blood, body fat. or other tissue by standard techniques, for 

5 example those of Peiick et al. page 23. "Analysis of Upids and Lipoproteins" Ed Perkins. American Oil 
Chemists Society, Champaign. Illinois, U.S.A. 

In outline the method is suitably that plasma samples (1 ml) are extracted with ch!oroform:methanol 
(2:1). The extract is filtered through sodium sulphate, evaporated to dryness, and taken up in 0.5 ml 
chloroform:methanol. The lipid fractions are separated by thin layer chromatography or silica gel plates. The 

10 phospholipid fraction, taken to reflect essential fatty acid contents most sensitively, is methylated using 
boron trifluoride-methanol. The resulting methyl esters of the fatty acids are separated and measured using 
a Hewlett-Packard 5880 gas chromatograph with a six foot column packed with 10% silar on chromosorb 
WAW 106/230. The carrier gas is helium (30 ml/min). Oven temperature is programmed to rise from 165" C 
to 190 " C at 2" C/mIn, Detector temperature is 220** C and injector temperature 200" C. Retention times and 

75 peak areas are automatically computed by Hewlett-Packard Level 4 integrator. Peaks are identified by 
comparison with standard fatty acid methyi esters. 



DIETARY COMPOSITIONS 

The invention is chiefly described In terms of methods of treatment and pharmaceutical compositions, 
but it will be understood that the gamma-linolenic and other acids, being In the nature of dietary 
supplements, can be incorporated in a dietary margarine or other foodstuffs and such are to be understood 
as within the term pharmaceutical composition when for the purposes set out 



FORMS AND SOURCES OF GAMMA-LINOLENIC AND OTHER ACIDS 

Convenient physiologically equivalent derivatives of gamma-linolenic acid and dihomo-gamma-linolenic 
30 acid for use according to the invention as with the other acids. Includes salts, amides, esters including 
glyceride esters and alkyi (e.g. Ci to C4) esters, and phospholipids. 

If desired, pharmaceutical compositions may be produced for use in the invention by associating the 
natural or synthetic acids, as such or as derivatives, with an acceptable pharmaceutical vehicle. It is, 
however, at present convenient to provide at least the gamma-linolenic acid in the form of an available oil 
35 having a high gamma-linolenic acid content, hence reference to "oil" herein. 

At the present time known natural sources of oils having a high gamma-linolenic acid content are few. 
One source of oils currently available Is, however, the seed of Evening Primrose species such as Oenothera 
biennis L and Oenothera Lamarckiana , the oil extract therefrom containing gamma-linolenic acid (about 
8%) and linoleic acid (about 72%) in the form of their glycerides. together with other glycerides 
40 (percentages based on total fatty acids). Other sources of gamma-linolenic acids are Borage species such 
officinalis which, though current yield per acre is low, provide a richer source of gamma-linolenic 
acid than Oenothera oil. 

The oil is extracted from the seed by one of the conventional methods of extraction such as cold 
pressure, screw pressure after partially cooking the seed, or solvent extraction. 
45 Fractionation of a typical sample of Evening Primrose seed oil in the form of methyl esters shows the 
relative proportions: 



60 



Palmitate 


6.15 


Stearate 


1.6 


Oleate 


10.15 


LInoieate 


72.6 


Gamma-linolenate 


8.9 



The seed oil extracts referred to above can be used as such or can, for example, if desired, be 
fractionated to yield an oily composition containing the tri-glycerides of gamma-linolenic and linoleic acids 
as the main fatty acid components, the gamma-linolenic acid content being. If desired, a major proportion. 
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Seed oil extracts appear to have a stabilising effect upon diiiomo-gamma-linolenic acid If present. 

Recent studies on fungi which can be cultivated by fermentation promise a fungal oil sources of both 
gamma-linolenic and dihomo-gamma-iinolenic acids. 

5 

PHARMACEUTICAL PRESENTATION 

The compositions are conveniently in a form suitable for systemic (e.g. oral, rectal or parenteral) 
administration in a suitable pharmaceutical vehicle, as discussed in detail, for example, in Williams British 

10 Patent Specification No. 1,082,624, to which reference may be made, and in any case very well known 
generally for any particular kind of preparation. Thus, for example, tablets, capsules, ingestlble liquid or 
powder preparations can be prepared as required, and topical preparations also when the gamma-linolenic 
acid or other acids are absorbed through the skin. Injectable solutions of hydrolysed Oenothera oil may be 
prepared using albumin to solubilise the free acid. 

IS Other forms are the topical oils, creams, etc. referred to earlier herein, also very well known generally in 
themselves. 

Advantageously, a preservative is Incorporated into the preparation. Alpha-tocopherol in concentration of 
about 0.1% by weight has been found suitable for the purpose. 

It will be understood that the absolute quantity of active materials present in any dosage unit should not 
20 exceed that appropriate to the rate and manner of administration to be employed but on the other hand 
should also desirably be adequate to allow the desired rate of administration to be achieved by a small 
number of doses. The rate of administration will moreover depend on the precise pharmacological action 
desired. 

Ideally treatment should start one or two weeks before radio-therapy begins and should continue for 
25 several weeks after it ends. Less complete but still valuable protection will be afforded by shorter periods of 
treatment. 



EXAMPLES OF COMPOSITIONS 

30 

The following compositions are administered to treat or prevent skin damage in patients undergoing 
radlo-therapy:- 

(1) 3 to 6 capsules twice per day of 500 mg capsules of evening primrose oil. . 

(2) 3 to e capsules twice per day of 500 mg capsules of blackcurrant oil. 

35 (3) 3 to 6 capsules twice per day of 500 mg capsules of microbial oil from the species Mortierella alpina, 
rich in QLA. 

(4) 3 to 6 capsules twice per day of 500 mg capsules of borage oil. 

(5> 5 to 15 capsules per day of 500 mg capsules of safflower oil, corn oil or sunflower oil, as a source of 
LA, in glyceride form, without GLA. 
40 (6) 4 capsules per day. each containing 250 mg pure QLA or DQLA. 

(7) 10 capsules per day, each containing 500 mg pure LA. 

(8) A cream containing 15% evening primrose oil providing approximately 1.2% GLA and 10.5% LA. 

(9) An ointment containing 2% of ethyl gamma-llnolenate. 

10. An ointment containing 1% of ethyl gamma-linolenate and 5% of ethyl linoleate. 

45 

CASE HISTORIES 

Two specific examples of case histories, one curative the other preventive of skin damage, are given:- 
50 (i) A thirty seven year old woman developed a lump in her left breast which biopsy showed to be due to 
cancer. The lump was removed surgically and a course of radio-therapy initiated. The skin became 
severely inflamed and after three weeks, had broken down over an extensive area. The woman took 500 
mg capsules, 8 per day, of evening primrose oil, containing both LA and GLA. Within fourteen days there 
was considerable improvement in her skin condition, in spite of continuation of the radio-therapy. The 
55 skin surface healed, and the Inflammation, pain and irritation were much reduced. 

(ii) A forty nine year old woman developed a lump in her right breast which was found to be cancerous 
and was surgically removed as was a lymph node in the axilla. A course of radio-therapy followed. Two 
weeks before starting the radio-therapy, the woman started taking 6 x 500 mg capsules of evening 
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primrose oil per day. The expected skin damage was dramatically milder than expected and amount to 
the equivalent of little more than a mild sunburn. The skin remained healthy during the whole nine weeks 
of the radio-therapy course. 

These two case histories show that administration of EFAs can both reverse and prevent skin damage 
due to radio-therapy. Both women experienced a considerable improvement in overall well being so that it 
cannot be excluded that systemic ill effects of radio-therapy are also reduced. 



Claims 



1. A method of preparing a medicament for treating or preventing skin damage in patients undergoing radio- 
therapy wherein (a) linoleic acid, or (b) gamma-iinolenic acid or dihomo-gamma-llnolenic acid, or (c) both 
said LA and said GLA or DGLA, are used to prepare said medicament alone or with a pharmaceutlcaily 
acceptable carrier or diluent 

15 2. A method according to claim 1 , wherein the medicament is for systemic administration in dosage unit 
form, and the amount(s) of said acid(s) used for each unit are preferably those set out. in claim 4 or sub- 
multiples thereof. 

3. A method according to claim 1 wherein the medicament is in topical form preferably of composition as 

set out in claim 4. 

20 4. A method of treating or preventing skin damage in patients undergoing radio-therapy by systemically 
administering linoleic acid in a dose range of 0.1 to 100 g per day, preferably 1 to 20 g per day, very 
preferably 2 to 10 g per day, or GLA or DGLA in a dose range of 0.01 to 100 g per day, preferably 0.1 to 
10 g per day, very preferably 0.3 to 2.0 g per day, or both said LA and said GLA or DGLA, or by topically 
administering said acid(s) in a composition comprising the fatty acid(s) in a total concentration of 0.01 to 

25 100%. preferably 0,1 to 20%. and very preferably 1 to 10% of the composition, balance of the composition 
being a pharmaceutlcaily acceptable diluent or carrier. 



30 



35 



6 



